Structure-activity Relationships of Lactacystin, the First Non-protein Neurotrophic Factor
Sir:
Neurotrophic agents such as nerve growth factor (NGF)1} are required for the survival and function of neurons. In 1991 we reported the isolation and characterization of the first non-protein neurotrophic factor, lactacystin (1), a novel sulfur-containing y-lactam produced by a culture broth of Streptomyces sp. OM-6519.2' 3) Lactacystin induces neuritogenesis and causes a transient increase in the intracellular CAMP level in mouse neuroblastoma cell line Neuro 2A. We have established an economic and versatile total synthesis of 1 involving as key steps stereoselective hydroxymethylation and an asymmetricallylboration which introduces the hydroxyl and methyl substitutes at C(6) and C(7). Our synthetic approach affords 1 in 13% overall yield over 10 steps.4)
In this report, we have synthesized a variety of analogs to clarify the structure-activity relationships of lactacystin.
Recently, Corey and Schreiber reported that several chemical groups of y-lactam ring and the hydroxyisobutyl group are very important for neurotrophic activity. These groups may be involed in primary recognition of the target molecules. They also suggested that a related /Mactone (4) may possibly act as key-intermediate in the mechanisminducing neurite outgrowth.5)
Here, we describe the synthesis of several derivatives modifying 7V-acetylcysteine moiety of lactacystin in order to reveal its significance for activity and cytotoxicity, respectively.
Hydrolysis of y-lactam methyl ester (2)4) with 0.1 n NaOHin EtOH gave the dihydroxy acid (3)4) in quantitative yield. By treatment with bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOPC1)6) and Et3N in CH2C12, the /Mactone (4) could be formed with a yield of 68%.7) Via the coupling reaction between the related /Mactone (4) and several thiols with Et3N in CH2C12, the corresponding thioesters could be accomplished (Scheme 1). The structures of these derivatives were determined by NMRanalysis and Mass spectrometry. The activity and cytotoxicity of the lactacystin analogs were studied in an in vitro assay according to our established method.2'3) The results are summarized in Table 1 .
The activity and cytotoxicity values found for the /Mactone (4) are the same as for lactacystin (1), while on the other hand the dihydroxy acid (2) as well as the y-lactam methyl ester (3) are completely inactive. These results indicate the activated esters such as a /Mactone or thiol esters to be very important for neurotrophic activity. Both compounds (6) and (10) 19.5, 21.3, 22.6, 29.2, 32.2, 39.8, 42.4, 76.6, 80.3, 81.5, 173.4, 183.2, 202.4] . Its minimum effective dose (0.1fiM) was about 16 times lower than that of 1, while its cytotoxicity was the same as that of lactacystin. The high value of the B/A level indicates that its possible use as neurotrophic agent might be muchmorefeasible than lactacystin
(1). Therefore we are very interested in applying these new results to justify the further development of lactacystin. (Received January 5, 1995) 
